Introduction {#sec1-1}
============

Lateral clavicle fractures account for nearly a quarter of all clavicle fractures.[@ref1][@ref2][@ref3] Epidemiologically, clavicle fractures have bipolar distribution, with a third occurring between 13 and 20 years; then, the incidence falls off and rises again in the old age. Various classifications have been published to describe the pattern of clavicle fracture;[@ref2][@ref4][@ref5][@ref6] Neer\'s classification, described in 1982, is the most commonly used for distal clavicle fractures:[@ref5]

Type I: Fracture lateral of coracoclavicular (CC) ligaments but no ligament damage, stable, minimally displacedType IIA: Fracture medial to CC ligaments which remain intact, unstable, displacedType II B: Fracture between CC ligaments with complete rupture of the conoid ligaments, very unstable, severely displacedType III: Intraarticular (stable).

Type IIB fractures being unstable are the most challenging to treat. Historically, these fractures were also treated conservatively such as Types I and III, and there are a few contemporary papers to support this approach. Robinson and Cairns published a paper in 2004,[@ref7] concluding that the outcomes of nonoperative treatment were not statistically different from surgical intervention for displaced lateral clavicle fractures in middle-aged and elderly patients. However, the degree of displacement and breakup of fracture pattern into specific subtypes was not specified. They also excluded patients with skin compromise. Some other contemporary papers[@ref3][@ref8] show poor results with conservative treatment, with a quarter of patients complaining of pain at rest and one-third on activity. Almost half of the patients reported some symptoms at 6 months. The recent trend has, therefore, shifted to surgical management of these injuries.

Different surgical techniques have been described with some variations but follow the same underlying principle of bony fixation with some form of CC ligament reconstruction. Common problems encountered with traditional hardware include the prominence of metalwork necessitating removal, difficulty in surgical exposure of the clavicle and coracoid from the same approach, and variable CC ligament reconstruction techniques sometimes resulting in persistent instability of the acromioclavicular (AC) joint. Type IIB fracture can be essentially described as a soft-tissue injury to CC ligament. The remaining lateral clavicle is frequently comminuted and is not always strong enough to hold traditional hardware. Reconstructing the ligament provides sufficient indirect stability to the fracture itself, enabling union without the need for metallic plates and screws.

A modification of the under-coracoid-around-clavicle (UCAC) approach,[@ref9] the parachute technique, is described that includes primary repair or reconstruction of the ligament and anteroposterior stability provided by a separate synthetic ligament.

Surgical approach {#sec2-1}
-----------------

The procedure is done under general anesthesia (GA) in beach chair position, with the image intensifier positioned on the other side of the table. The fracture is approached through a 4--5-cm strap incision, centered slightly medial to the protruding medial end of the clavicle. Skin edges are undermined to make a mobile window.

A T-shaped flap is raised from deltotrapezial fascia \[[Figure 1](#F1){ref-type="fig"}\], with base over the anterior end of the clavicle. It is subperiosteally elevated to expose the lateral third of the clavicle and fracture, up to the AC joint (ACJ). Coracoid process is exposed by blunt dissection along the vertical limb of T-flap, through the anterior deltoid. In fresh injuries, CC ligaments are easily identifiable and can be imbricated with stay sutures for primary repair to clavicle in the end.

![T-shaped deltotrapezial flap to expose coracoid](IJOrtho-53-465-g001){#F1}

A long-curved hemostat is used for blunt dissection and creating a window on either side of the coracoid. No. 2 FiberTape and TigerTape (Arthrex, Naples, FL) are passed around the coracoid from medial to lateral using a coracoid passer or Lahey\'s forceps.

1.8-mm drill holes are made through the anatomical insertion of the conoid and trapezoid CC ligaments, pointing toward the coracoid \[[Figure 2](#F2){ref-type="fig"}\]. The edges are beveled to minimize the risk of sharp bone edges cutting through the suture. In a fresh injury, usually, the ligament stump can be identified. Otherwise, the trapezoid tunnel is drilled around 2.5 cm and conoid tunnel 4.5 cm from the end of clavicle, as described by Rios *et al.*[@ref10] in their anatomical study. Both the ends of FiberTape (red in the figures) are delivered through the respective holes \[[Figure 3](#F3){ref-type="fig"}\], along with the stay suture of the CC ligaments to be tied later. One end of the TigerTape (green in the figures) is delivered posterior to the clavicle. The fracture is now reduced under vision, and both ends of tape 1 are tied on top of the clavicle \[[Figure 4](#F4){ref-type="fig"}\]. The suture through the CC ligaments can also be tied at this stage. Tape 2 is then tied to itself with slight overreduction of ACJ to protect the repair \[[Figure 4](#F4){ref-type="fig"}\].

![Drill holes](IJOrtho-53-465-g002){#F2}

![Passage of sutures under the coracoid. Red tape (tape 1) passed through the drill holes, and green tape (tape 2) passed behind the clavicle](IJOrtho-53-465-g003){#F3}

![Sutures tied to stabilize the fracture](IJOrtho-53-465-g004){#F4}

The lateral fragment is usually stable at this stage, and further stability can be achieved by using one of the tapes in tension band or cerclage configuration \[Figures [5](#F5){ref-type="fig"} and [6](#F6){ref-type="fig"}\] or be excised if it is too small. The fascia and ACJ capsule are meticulously repaired, with subcuticular sutures used for skin.

![Optional cerclage fixation of the lateral fragment using the tape 1 after tying knot](IJOrtho-53-465-g005){#F5}

![After completion of repair](IJOrtho-53-465-g006){#F6}

Postoperatively, pendulum exercises can be started when comfortable, and full passive/active assisted range of motion (ROM) can be started as tolerated after 2 weeks. Sling is worn for 4 weeks. The aim is to regain full ROM by 6 weeks, and strengthening should be avoided in this period.

Methodology and Results {#sec1-2}
=======================

Nineteen consecutive patients with a minimum 6-month followup (FU) were reviewed. Average FU was 23 months (6--47 m), mean age was 38 years (16--81), and male-to-female ratio was 2:1. The most common mode of injury was fall from bicycle (54%). The time to surgery varied from 4 days to 12 weeks. All the patients underwent CC ligament reconstruction as per the standardized technique described above. Two patients had primary lateral end excision; of the rest, all but one healed fully.

Average time to regain full ROM was 4 weeks \[Figures [7](#F7){ref-type="fig"}--[9](#F9){ref-type="fig"}\]; at 6 months postoperatively, the average Oxford Shoulder Score was 43. All the patients returned to their previous occupation and two-thirds to preinjury leisure activity. Average time to radiological healing was 8.2 weeks (7--12 weeks). Figures [10](#F10){ref-type="fig"} and [11](#F11){ref-type="fig"} show the preoperative and 6-week postoperative radiological appearance, respectively. One patient showed partial loss of reduction (presented 8 weeks postinjury after developing skin ulcer and had poor compliance postop), but this did not result in any functional impairment. There were no complications such as nerve injury, coracoid or clavicle fracture, ligament failure, infection, or stiffness.

![Flexion at 6 weeks](IJOrtho-53-465-g007){#F7}

![Abduction at 6 weeks](IJOrtho-53-465-g008){#F8}

![Internal rotation at 6 weeks](IJOrtho-53-465-g009){#F9}

![Preoperative X-ray](IJOrtho-53-465-g010){#F10}

![X-ray at 6 weeks](IJOrtho-53-465-g011){#F11}

Discussion {#sec1-3}
==========

Direct osteosynthesis in distal clavicle fractures can be technically challenging due to variable and usually inadequate bone stock of the distal fragment, which frequently precludes a strong enough fixation to enable early mobilization. It is also difficult to access the coracoid process through the direct horizontal approach usually needed for plate fixation. Inadequate exposure can, in turn, compromise the ligament reconstruction, which is in fact more critical toward a successful outcome than fracture healing alone. Persistent instability of lateral clavicle is a well-described complication if the fracture is addressed without ligament reconstruction. Numerous techniques have been devised over the years to deal with this challenge, but none can be called a gold standard.

Broadly, the fixation modalities can be divided in three groups:

Tension band and/or transarticular K-wire fixation through ACJDirect osteosynthesis using distal clavicle plates (±CC ligament augmentation) or hook platesIndirect reduction using CC ligament reconstruction (Tightrope or Dog Bone technique, Surgilig, parachute technique etc) ± direct ligament repair.

Tension band and/or transarticular K-wire fixation {#sec2-2}
--------------------------------------------------

Transacromial fixation using K-wires has been used as a treatment modality for \>70 years. It is technically easy and potentially less invasive than a plate but has been associated with high rates of hardware-related complications such as wire migration infection and postoperative ACJ arthritis.[@ref11] In addition, it did not address the CC ligament damage, resulting in persistent lateral clavicle instability even after fracture healing. This approach has been largely abandoned in modern-day practice.

Direct osteosynthesis using distal clavicle plates (±coracoclavicular ligament augmentation) or hook plates {#sec2-3}
-----------------------------------------------------------------------------------------------------------

The hook plate was introduced as an alternative to K-wire fixation around 25 years ago. Numerous publications over the years highlight the success, as well as potential problems with the use of this plate. It offers the advantage of a familiar surgical approach for general orthopedic or trauma surgeons and application of standard plating principles. A study in 2002 reported similar union rates after hook plate and K-wire fixation, but the former had significantly lower complication rates (6% vs. 55%).[@ref12] In 2006, Flinkkilä *et al.* reported 91% healing of fractures using hook plate in unstable lateral clavicle fractures.[@ref13] Numerous other contemporary studies have confirmed excellent union rates varying from 91% to 100% with the use of hook plates but also reported complication rates of 8% to 18%[@ref14][@ref15][@ref16][@ref17] and a very high reoperation rate.

Acromion erosion and painful subacromial impingement are inevitable, and plate removal is recommended in all patients after the fracture has healed. This necessitates another GA and added expenses for another surgery.

Direct osteosynthesis of the distal clavicle using specialized angular stable plates that allow multiple locking screws to be placed in the small distal clavicle fragment has shown excellent union rates, while avoiding trauma to the ACJ and acromion.[@ref18][@ref19] Unfortunately, these plates also have a high removal rate up to 40%--50% of cases[@ref20] and do not address the problem of CC ligament instability unless supplemented with some form of CC ligament reconstruction. Any surgical approach primarily directed toward plating also makes it difficult to access the coracoid through the same incision for ligament repair.

Indirect reduction using only coracoclavicular ligament reconstruction (synthetic ligaments or tendon grafts) {#sec2-4}
-------------------------------------------------------------------------------------------------------------

These techniques are based on the principle of indirect reduction and stabilization of fracture by CC ligament reconstruction, in effect converting the unstable Type II into a stable Type I pattern. Once stabilized in this manner, secondary fracture healing can be expected to proceed naturally. It is not a new concept -- originally proposed in the 1990s, there is a lot of contemporaneous literature showing good results.[@ref8][@ref9][@ref21][@ref22][@ref23][@ref24] Union rates in excess of 90% have been reported in most papers. A wide variety of nonabsorbable materials such as Dacron graft, polyethylene, and polyglactin or tendon grafts using palmaris longus or hamstrings have been used. The fixation technique is fairly consistent, by passing the graft Under Coracoid around clavicle (UCAC). Other soft-tissue repair techniques use suture anchors or buttons in the base of coracoid.

It works on the principle of reduced shearing forces at the fracture site by stabilizing proximal clavicle. A meta-analysis of 21 studies in 2013 by Stegeman *et al.*[@ref25] revealed fracture union rate of 98% after suture-only fixation. It also showed a 24-fold increased risk of complications after using hook plate, when compared with suture anchor-based methods. Reported complications with suture-only technique include knot slippage, loss of reduction, and suture prominence,[@ref26][@ref27] along with the risk of coracoid fracture or loss of fixation from the suture anchor if used.

A recent biomechanical analysis comparing suture-only fixation, distal clavicle plates with or without CC ligament augmentation, and hook plates was published by Bishop *et al.*[@ref28] It did not show a significant difference in ultimate load to failure among all these groups. However, they showed that fixation failure with a plate construct was more likely to result in the need for additional surgery than failure of a suture-only construct.

Commercially available kits such as TightRope technique, double Endobutton technique (Arthrex Inc., Naples, Fl, USA),[@ref29] and Surgilig technique (Lockdown Medical, UK) enable secure fixation without traditional hardware. All these techniques have the advantage of minimal or no metalwork; as a result, there is minimal skin irritation and the rate of reoperation is reduced to almost zero. Endobutton technique needs limited dissection, can be done arthroscopically, and is more resistant to rotational forces by virtue of having four suture limbs. However, all the techniques described above are nonanatomical repair (linear fixation as opposed to the two limbs of natural ligament with separate insertion). The double Endobutton fixation may also be potentially compromised if the clavicle fracture extends medially.[@ref29] Moreover, it involves drilling through the coracoid, which can result in additional complications. The UCAC technique[@ref9] avoids this by looping the ligament around the coracoid rather than through it. Surgilig synthetic ligament is a type of UCAC repair providing very strong fixation but is also a nonanatomical repair as the ligament overreduces the clavicle anteroinferiorly, and there is a reported risk of osteolysis.[@ref30]

The parachute technique has all the advantages of UCAC described above, and the modification allows a more anatomical repair. It supplements UCAC with a second more anatomical insertion of the ligaments through the native ligament footprint, thus providing a secure repair that restores a stable CC interval to enable early rehabilitation. Very small drill holes minimize the risk of stress fracture and anatomic repair of the CC ligaments where possible also allows biological healing of the native ligament and further reinforces the repair. As opposed to the use of strong sutures such as FiberWire,[@ref31] this technique uses suture tape, which has a wider surface area, thereby minimizing the risk of cutting through bone. Avoiding any button or similar hardware also minimizes risk of complications such as hardware prominence or osteolysis sometimes associated with other techniques. The same technique can also be modified for pure ACJ dislocations without fracture. There were no major complications in the current cohort, which compares favorably with other similar papers.

Financially, the parachute technique is considerably cheaper than any other modality. Commercially available implants mentioned above cost £750--£1450 in the UK. All the consumables in parachute technique taken together cost under £120. This is more than six times cheaper than the nearest commercially available kit and ten times cheaper than some plate + ligament constructs. The average surgical time was around 1 h, which is comparable or less than other techniques. The use of strap incision is also cosmetically better compared to the horizontal incision needed for the plate fixation. Furthermore, none of the patients needed to go back to theater for implant removal or loss of fixation, which compares very well with plating procedures that have relatively high reoperation rate for implant removal. Potential contraindications for this procedure include a fractured coracoid, patient unfit for surgery, and fracture extending beyond the insertion of the conoid ligament.

Limitations of the study {#sec2-5}
------------------------

One disadvantage of this study is the relatively short FU with an average period of 2 years. However, it is long enough to assess the fracture healing rates and assess early complications if any. Second, it is a small sample of nonrandomized prospective study, therefore prone to selection bias and unsuitable for multivariate analysis. The sample size is, however, comparable or larger than many published papers.[@ref20][@ref29][@ref32][@ref33][@ref34] It is very encouraging that all the fractures healed by 3 months, and no short term complications such as ligament rupture, nerve injury, joint instability, or bone erosion have been seen. However, there is a learning curve to the procedure, and long term FU will be needed to conclusively prove its efficacy and assess delayed complications such as osteolysis.

Conclusion {#sec1-4}
==========

Parachute technique is a reproducible and efficient procedure that provides comparable results with other established procedures, at a fraction of the cost. It is recommended for the treatment of displaced Type II clavicle fractures.
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